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The attempts of orthodontists to reduce demineralization have resulted in limited success for a long time. For instance, although evidences exist on the beneficial effects of dentifrices and/or home use of fluoride solutions, patient compliance with use of these materials as prescribed is problematic. Thus, preventive measures not requiring patient compliance seem to be more appropriate for the typical orthodontic patient. 6, 7 One potential application of laser in dentistry is preventive laser treatment of dental hard tissues to increase their resistance to dental caries. The possibility of making dental enamel more resistant to caries attack by irradiation of a carbon dioxide (CO 2 ) laser has been described for the two main wavelengths of 9.6 and 10.6 µm. The lower surface absorption of the 10.6 µm wavelength results in a higher penetration depth and can therefore affect a thicker enamel layer. Thus, it has been suggested that the caries-preventive effect obtained with 10.6 μm could be the longer-lasting one. [8] [9] [10] [11] In order to increase the caries-preventive effect of laser, researchers began to use it in combination with fluoride containing materials. These combinations seem to show the synergistic effect on enhancing enamel resistance. [11] [12] [13] [14] In recent years, the erosion-inhibiting effect of materials containing fluoride compounds has attracted more attention because they were found to be more effective in reducing erosions. The preventive potential of TiF4 against dental demineralization is related to the formation of an acid-resistant surface coating, the increased fluoride uptake and also the titanium incorporation in the hydroxyapatite lattice. [15] [16] [17] [18] [19] [20] [21] There are still very few studies investigating the caries-preventive effect of CO 2 laser and TiF4 together in which the synergistic effect of CO 2 laser and fluoride has been seen. 3, 4, 11 However, there are still no consensuses between the researchers on the mechanism of their action on each other. Moreover, to our knowledge none of these studies has considered the effect of these two on the enamel around bonded orthodontic brackets. Our primary aim was to assess the caries-preventive potential of CO 2 laser and TiF4 solution on enamel adjacent to bracket. Then we compared various combinations of their application on the enamel.
Methods
In this experimental study, 75 freshly extracted bovine incisors were used. Bovine tooth structure is an alternative for human tooth according to its structure. 5 After extraction, the remaining hard and soft tissues were removed using a sickle scaler and a surgical blade. Cleaned samples were stored in 0.5% chloramine-T (at 4°C) for 7 days. The roots were removed from 5 mm below the cementoenamel junction using a laboratory hand piece and a diamond cutting disk under water cooling. The crowns were brushed with contra-angle hand piece and water. The samples were examined under a light microscope to ensure they were sound and caries free. In order to attach the brackets, the area of examination was covered with adhesive tape. We used common black electric tape duo to its adequate thickness; proper adaptation and coverage of the convex tooth surface to limit acid etching of the entire enamel surface causing an unintentionally initiating of enamel demineralization. The exposed enamel was etched for 40 seconds with 37% phosphoric acid gel (Total Etch, MORVABON, Tehran, Iran), then rinsed with air-water spray for 30 seconds and thoroughly dried with compressed air. Metal orthodontic brackets for upper central (Ultratrimm Edgewise Bracket, DENTAURUM, Ispringen, Germany) were bonded to all teeth using a light cured composite bonding resin (Transbond XT, 3M Unitek, USA) following manufacturer's instruction. The excess resin flash was removed from around each bracket base with a sickle scaler before curing. The adhesive tapes were removed and any excessive adhesive residue from the tapes was removed with ethanol. The root canals were sealed with adhesive resin glue; a box with the same length of bracket and height of 4 mm was drawn with a standard graphite pencil cervical to each bracket. Then all teeth were painted with 2 layers of acid-resistant nail varnish on all surfaces except the box area cervical to bracket. The 75 teeth with their bonded brackets were then randomly divided into five groups (n = 15): control group (C); laser group (L); titanium group (T); laser-titanium group (LT) and titanium-laser group (TL). The teeth in the C group received no further treatment. Those in the L group were treated with pulsed CO 2 laser (DEKA, Italy) emitting at 10.6 µm wave length, 0.4 W power, 10 Hz repetition rate and 1ms pulse duration with a spot size of 1 mm. The whole rectangular area was irradiated using scanning method for 10 seconds. The laser spot moves in a horizontal line from left to right or right to left when it reaches the end, the next line will begin inferior to the previous line and in reverse direction. Samples in the T group were treated with 4% TiF4 solution (pH: 1.2). The solution was prepared freshly prior to its application on the enamel using 0.4 g of TiF4 powder (Titanium IV fluoride 98%, Alfa Aesar, MA, USA) in 100 cc of distilled water. Two drops of the solution were applied on the enamel surface and remained undisturbed to dry out. For the LT group, at first, the CO 2 laser was irradiated (same as L group) then TiF4 solution was applied on the enamel (same as T group). The samples in the TL group were first treated with TiF4 solution (same as T group), and then CO 2 laser was irradiated on the surface (same as L group). We created artificial caries-like lesions in all teeth, using a pH-cycling system that has been extensively used in dental caries and fluoride studies. 1 This method has been shown to generate artificial caries like lesions and is a model for caries progression in the mouth. In order to create artificial caries-like lesions in all teeth, we implemented a pH-cycling system. Each sample was individually immersed in 80 mL of demineralizing solution (pH 4.3) containing 0.075 molar of acetic acid (SIGMA CAS: 64-19-7), 2.0 mM of calcium hydrogen phosphate (SIGMA CAS: 7757-93-9) at 37°C for 6 hours, then rinsed with double-deionized water and immersed for 17 hours in 40 mL of a remineralizing solution (pH 7.0) containing 20 mmol/L of sodium cacodylate (SIGMA CAS: 6131-99) as a buffer, 150 mmol/L of potassium chloride (MERCK CAS: 7447-40-7) to maintain ionic strength, 1.5 mmol/L of calcium nitrate (PANREAC CAS: 13477-34-4) and 0.9 mmol/L of potassium phosphate (SIGMA CAS:7778-77-0) at 37°C. We repeated this cycling of teeth through demineralizing and remineralizing solutions every 24 hours for 10 days, plus one day when the teeth remained in the remineralizing solution. After the end of the pH-cycling procedures, the samples were removed from the bottles and the amount of calcium released into the two solutions (de-and re-mineralization) was measured with an atomic absorption spec-troscopy (SpectrAA 220, Varian, Australia). Before the elements were determined, calibration was performed with calcium standard solutions (Panreac). From each solution 30 mL samples were taken in triplicate and three measurements of calcium to ensure the precision of the measurements; the mean value was calculated and calcium contents were measured in µg/mL. In addition to spectroscopy analysis, enamel surface hardness was measured. The small area of intact enamel under the varnish was exposed and three indentations, at distances of 100 µm from each other, were made in that area, in order to determine the hardness of sound enamel. The main hardness measurements were performed on exposed surface areas, which appeared free from any glazelike and laser defect structures (checked by 40× magnification). The mean hardness for sound and demineralized enamel were measured with a micro hardness device and the percentage of surface hardness change was calculated as follows. Data analysis was performed using descriptive tests (eg, mean, median and standard deviation [SD]), one-way analysis of variance (ANOVA) and Tukey test in SPSS (SPSS; Chicago, Ill) version 15. A P<0.05 was considered as statistical significance limitation.
Results
The mean ± SD of calcium concentrations in demineralizing solutions are presented in Table 1 . Calcium losses of LT, TL and T groups were significantly lower than those in the L and C groups (P < 0.05). Also, the laser group showed no significant difference with the control group (P = 0.679) Table 2 shows calcium concentrations in remineralizing solutions. The percentage of reduction in calcium loss was 78% in TL group and about 81% in LT and T groups. Also calcium analysis of remineralizing solutions showed significant lower calcium uptake in the last three groups (LT, TL and T) (P = 0.009, P = 0.019 and P = 0.006). As it is showed in Table 3 , the hardness measurements showed nearly the same results, and groups treated with titanium tetra fluoride showed significantly more surface hardness than control and laser groups (P = 0.002 and P = 0.007). Laser irradiation seemed to have decreasing effect on surface hardness.
Discussion
The aim of this study was to assess the preventive effect of CO 2 laser and TiF4 solution on caries prevention around orthodontic brackets. In order to have more accurate results, we used both solution analysis (Atomic Absorption Spectroscopy) and surface hardness test (Vickers Hardness Test). Both calcium analysis and microhardness test presented significantly less mineral loss for specimens treated with TiF4 solution than groups which were not treated with it. The TiF4 solution was indeed able to cause an 81% decrease in the loss of calcium and significant increase in surface hardness compared to control group. This result is similar to other studies on this material. Exterkate and Ten Cate showed that up to 80% inhibition of demineralization could be achieved for the TiF4 derivative. 14 Magalhães et al demonstrated the effect of TiF4 varnish on decreasing the demineralization and increasing the remineralization of previously sound and carious enamel. 13 In our study, the tetrafluoride solutions were applied approximately at their natural pH (1.2), as it was previously shown that TiF4 is less effective in preventing enamel and dentin erosion when the pH is buffered to a higher value (pH 3.5).
9-11 Penetration of fluorides into dental hard tissues is enhanced if the surface is slightly demineralized. 12 Therefore, the low pH of TiF4 seems to be a boon in disguise due to the unique property of titanium ion. The acidic content of the solution made enamel surface chalky similar to etched enamel. The slight demineralization that occurs is expected to remineralize within a few weeks in the oral cavity. 21 We did not use the varnish form; thus the protection was not related to the covering layer of the varnish resin. The protective action of this compound incorporated into solution has been attributed not only to the action of fluoride ions as in other fluoride containing materials, but also to the action of titanium. According to previous studies, the low pH of TiF4 (around 1.2), is in favor of the linkage between titanium ions and oxygen of the phosphate group, and results in formation of a titanium dioxide glaze-like layer on the surface. 12, 13 In this experiment, laser treatment did not show important effect on reducing demineralization, and groups which were treated with both titanium and laser did not have significant difference with each other. Even in some cases laser reduced the inhibitory effect of TiF4 solution.
The proposition that enamel melting by laser is desirable in order to increase resistance to acid attack is a matter of controversy. 22 According to previous studies, morphological changes can be considered as an important factor which determines the kind of laser effect on enamel; and studies with high inhibition effect of CO 2 laser didn't have obvious morphological changes on enamel. [1] [2] [3] One of these studies shows that the teeth which had less morphological changes due to laser irradiation showed higher inhibition rate than those with more cracks and fractures on surface.
1 Irradiation of CO 2 laser with our parameters caused morphological changes on surface as observed under binocular microscope. The surface was burned and did not appear to be uniform, and there were microfractures and exfoliations, which may leave inner areas of enamel uncovered and unprotected against acids. As said in other reports laser irradiation could result in firmer bond between fluoride containing particles on surface and enamel, and this leads to lower solubility of enamel. 23 On the other hand, these micro fractures created susceptible areas to demineralization and they fall back the positive effect of laser. These defects are caused by the rapid expansion of water vapor in the organic matrix of enamel during laser treatment. 22 The wavelength of CO 2 laser has a high absorption coefficient on enamel surface and it is therefore more likely to affect the surface, even at relatively low powers. 22 It is assumed that these morphological changes neutralized enamel hardening effects of laser and thus no significant difference where found when using laser. Further in vivo studies should be performed to evaluate the clinical effect of TiF4 solution but low pH of native tetra fluoride solutions (pH 1-2) has to be considered as major drawback, since it might cause adverse side effects on oral soft tissues during application. The use of gel with higher viscosity or the varnish form of this substance will facilitate its control in clinical experiments, and gingival protection is necessary if the acidic form of the solution is used.
Adjusting laser parameters at rates leading to no obvious morphological changes makes it easy to harden the enamel against acid after bonding brackets. It is not easy to produce the same morphological features just by following parameters and there are some other handling parameters which has effect on enamel, such as the distance of laser device with tooth and beam diameter, and speed of operator's hand movement. In order to achieve this, specimens should be observed under microscope after a pilot irradiation, and the process should be continued for other specimens till morphological changes are desirable.
Conclusion
Application of titanium tetra fluoride 4% solution on enamel can inhibit as much as 87% of subsequent caries like lesion progression. When using CO 2 laser, care must be taken to minimize morphological changes such as cracks and fusion on surface. These changes could make enamel sub surface susceptible to acid penetration.
Conflict of Interests
We had not any conflict of interests during this project.
